Dominance study was a petition needs to measure insecticide resistance problems to a notorious pest as Plutella xylostella and for IRM strategy planning success. Flufenoxuron insecticide was chosen for doing a laboratory selected strain for some resistance assessments. Studies on cross resistance of flufenoxuron resistant strains revealed a slight tolerance to lambdacyhalothrin, alphacypermethrin, thiocyclam and chlorfenapyr but no cross resistance to dimethoate, imidacloprid. Resistance stablility examined in both the flufenoxuron selected strain and the backcross selected x susceptible in the absence of exposure to insecticides, results revealed that the mortality were declined slowly at F3, F5 and F7. Results of reciprocal crossing experiments suggested that flufenoxuron resistance was inherited as an incomplete recessive trait. Values of the degree of dominance were estimated -0.63 and -0.66 for F1 larvae with resistant and susceptible female parents, respectively. Results of bioassays on F1 progeny of the backcrossed with the resistant parent strain and the F2 generations suggested that resistance autosomaly inherited and might be controlled by some loci. Analysis of probit lines from F1 reciprocal crosses indicated that resistance to flufenoxuron was inherited autosomaly as an incompletely recessive and probit lines showed no plateau at 50% mortality (probit = 4.0) and 3.4 for F2 at 25-75% mortality. The x 2 analysis of response ratio statistics of a monogenic model from F1 susceptible back crosses suggested that more than one locus is responsible for resistance to flufenoxuron.
INTRODUCTION
All conventional growers observed that diamondback moth (P. xylostella), cabbage moth, is one of the most important pests of cruciferous crops because the validation of highly fecund and capable of migrating long distances in the Mediterranean region and worldwide. The moth has a short life cycle (14 days at 25°C) and larvae damage leaves, buds, flowers, and seed-buds foundation causing complete removal of foliar tissue except for the leaf veins. This is damaging young seedlings and may disrupt head formation in cabbage, broccoli and cauliflower. Chemical and microbial control was used to be effective but since1980s resistance developed to recently introduce synthetic pyrethroids and the other compounds in many countries (Abdel-Razek et al., 2006 & Liu et al., 1981 .
Evolution of insecticide resistance among various populations of this species worldwide has been documented, for monitoring insecticide resistance many techniques include biochemical (Sayyed et al., 2000) , immunological tests (Bourguet et al., 2000) and DNA probes (Keiding, 1986) , those are of limited use at present. The sustainable use of chemical control depends on a good understanding of resistance development as an evolutionary process, not just on characterization of resistant individuals and their populations. The traditional approach the multiple concentration test technique, that would produce 5-95% mortality, resistance is then expressed as resistance ratio of LC 50 or LC 90 of the test strain in comparison with a susceptible strain (Bliss, 1935) , but further investigation developed the supplementary hypothesis about how response to selection is affected by various factors, including dominance, gene flow, fitness tradeoffs, genetic constraints, major and minor genes, haplodiploidy, founder events, life-history traits and multitrophic interactions (Tabashnik et al., 2004) . The success of insecticide resistance strategies depends on a variety of factors including the mode on inheritance of resistance and the genetic mechanisms that enhance the ability to design and apply. The effectiveness of the selection of any genetic factor depends on the gene frequency, its dominance, and the selection pressure intensity. Thus a change in the allele frequency requires the survival of the heterozygotes until the gene frequency has risen to a high level (Rawlings et al., 1981) . Thus selection for dominance is sensitive to the frequency of heterozygotes. Dominance cannot progress unless special conditions lead to the presence of a high frequency of mutant alleles in the population. In this study Inheritance patterns were examined to determine the degree of dominance, and the monogenic or polygenic nature of the resistance.
MATERIALS AND METHODS

Rearing of insects:
Collection of cabbage plant infested with larvae was brought out to the laboratory from Kalubia governorate. Transported larvae kept in glass container (20x15 cm) in lab condition (20-23 o C with 75% RH and a 16 light: 8 dark, photoperiod). Rearing procedure described by Liu and Sun (1984) were followed till pupation. After adult emergence, around 200 adults were placed in mating chamber containing cabbage seedlings for egg laying and absorbent cotton packed with a 10% honey solution were added for moth feeding. Cabbage seedling with deposited eggs was transferred to a clean glass container. Hatched larvae were allowed to feed on fresh cabbage plants which changed when consumed. Susceptible strain (S) was developed by rearing P. xylostella in the laboratory for 10 generations under insecticide free conditions before the beginning of the selection experiment.
Toxicity bioassay:
The leaf dipping method reported by Tabashnik and Cushing (1987) was applied for all bioassays performed in this research. Commercial formulations products of dimethoate (cygon 40% EC), thiocyclam (evisect 50 % WP), imidacloprid (admire 20% SC), alphacypermethrin (fastac 10% EC), lambdacyhalothrin (karat 2.5 % EC), chlorfenapyr (challenger 36% SC) and flufenoxuron (cascade 10% DC), all were used for susceptibility, cross resistance bioassay and selection experiments were done by flufenoxuron only. All formulations were diluted with water to obtain a range of test concentrations from 6 to 7 for each insecticide by 0.5 fold. A piece of fresh cabbage leaves were dipped into these solutions for 15-20 s and dried by air at room temperature. Leaves treated with water alone were used as control. For each concentration, 30 of one-day-old third-instars larvae in 3 replicate were treated and kept in three glass Petri dishes (15 cm). The mortality after treatment was assessed in 24, for fast acting insecticides, 48h for slow acting insecticides. The larvae that did not respond to stimulation with needle or whose bodies were deformed and less than half the size of those of controls were considered to be dead.
Selection Experiment:
Flufenoxuron resistant strain (R) was reared on cabbage leaves for six or seven consecutive generations. Selection regime, achieved by dipping cabbage seedlings in insecticide concentration equivalent to the LC 70 resulted from the previous generation, allowed to dry and placed in the cages and introduced to the third instars larvae. After 2days of exposure, surviving larvae were transferred to untreated leaves and reared in the laboratory under the same previously described conditions until adult emergence. The number of larvae selected per generation ranged between 200 and 300 according to the standard method reported by Georghiou (1969) . The general mean survival of larvae (after 48 h of treatment) over six generations of selection was 40%. Patches of flufenoxuron-selected strain surviving each selection was exposed to a range of concentrations using dip bioassay to determine the effect of selection on the susceptibility of the selected populations. Cross resistance bioassay between some insecticide and flufenoxuron-selected strain were performed by third instars larvae of F6.
Genetics of Resistance to Flufenoxuron:
The R and S strains were reciprocally crossed in pair-by-pair matings to produce the F1 offspring. There were four combinations in the cross pairs: (1) both female and male were the resistant (RR), (2) resistant female and susceptible (RS), (3) susceptible female and resistant male (SR), (4) both female and male were susceptible (SS). Newly emerged females and males of each strain were kept individually until use. Thirty pair's adults for each cross were set into separate glass container (20 cm x 25 cm) with food, for building a mass crosses to provide enough offspring for multiple concentration testing and calculation of LC 50 values, (Kim et al., 1991) . After mating and laid eggs, hatched larvae were reared and the third-instar (1-day-old) larvae were used for the bioassay experiment as a Progeny (F1) from each cross. Ten pairs of back crosses for five to seven concentrations in the pooled F2 generation were done to determine whether resistance was inherited as a monogenic or polygenic trait.
Stability of Resistance in the absence of selection:
Around 300 larvae from each resistant strain, F6 of flufenoxuron-selected and backcrosse between resistant and susceptible were allowed to develop and established as generation 1 plus seven subsequent generations reared separately without exposure to insecticide. Susceptibility to flufenoxuron was evaluated with leaf dip bioassay at generations 3, 5 and 7. The proportion were survived from the concentrations 0.2, 2 and 20 ppm was used to calculate the change in frequency of resistant genotypes in the populations in the absence of insecticide exposure, as described by (Tabashnik et al., 1994) . The rate of change in the absence of insecticide exposure (R) can be calculated from the following: R = (log [final proportion surviving treatment] -log [initial proportion surviving]) / n, Where n is the number of generations not exposed to insecticide. A negative R value indicates a decline in the proportion of larvae surviving exposure to the insecticide and R values close to 0 indicate no change in the proportion of individuals surviving insecticide exposure according to (Wirth et al., 2010) .
Statistical analysis:
Observed mortalities were corrected using Abbott's formula (Abbott, 1925) for susceptible, flufenoxuron-resistance and reciprocal cross of hybrids, data were analyzed by probit analysis (Finney, 1971) and LeOra software (1989), Polo Pc programm. Resistance ratios were calculated by dividing the LC 50 of test strain by LC 50 of the susceptible strain. Estimation of the degree of dominance of resistance (D): in F1 offspring was calculated by Falconer's formula (1964) according to Stone (1968) : as follows D = (2RS-RR -SS) / (RR -SS). Where the RR, RS and SS were represent the resistant, heterozygote and susceptible populations, respectively. This will result in a value of -1 if the resistance is fully recessive; a value of 0 if there is no dominance and a value of + 1 if the resistance is fully dominant. Test of monogenic inheritance: Chi-square test were calculated for the F1 back crossed progeny to determine whether the observed response of the third instar larvae at a full range of flufenoxuron testing concentration fit the predicted response based on the monogenic inheritance model (Georghiou and Garber (1965) , Tabashnik 1991 , Zhao et al., 2000 , and Preisler et al., 1990 . Males and females of F1 progeny were backcrossed to resistant (RR) females, and to susceptible (SS) males, respectively. F1 progeny were also allowed to intercross with F2 progeny. Where expected mortality was the average of the hybrid and parental LC 50 values. The expected concentration mortality-response curve of the backcross progeny, assuming monofactorial inheritance, was calculated as followed (Georghiou, 1969) :
(1) for backcross progeny to SS or RR parents: Xy = W (SR) 0.50 + W (SS or RR) 0.50 (2) for F2 progeny: Xy= W (SS) 0.25 + W (SR) 0.50 + W (RR) 0.25
Where X = the expected response at a given concentration y; and W = the observed response of SS, SR and RR genotypes at concentration y, obtained directly from the respective regression lines. If a single gene is responsible for resistance then plateaus will occur in the F2 regression line at about 25 or 75 % mortality, (Georghiou, 1969) .
RESULTS AND DISCUSSION
The LC 50 value for flufenoxuron generations selected was significantly greater than the LC 50 of the susceptible strain (Table 1) reflecting that resistance increased continually. The LC 50 of the F6 flufenoxuron strain (Table 1) was not significantly different from the LC 50 values for all F1 reciprocal crosses (Table 2 ). This result agrees with (Tabashnik et al., 2004) who indicated that resistance development in laboratory selections follows a similar pattern to that observed in the field. Studies on cross resistance of flufenoxuron resistant strains revealed a slight tolerance to lambdacyhalothrin, alphacypermethrin, thiocyclam and chlorfenapyr but no cross resistance to dimethoate, imidacloprid (Table 3) . Liang et al., 2003 found a little cross-resistance in P. xylostella population between abamectin and deltamethrin, betacypermethrin, fenvalerate and bifenthrin and no cross-resistance between abamectin and chlorfluazuron or flufenoxuron. Selection of P. xylostella with teflubenzuron showed no cross-resistance to chlorfluazuron of various Taiwan and Thailand populations (Perng el al., 1988) . There was also little or no cross-resistance between teflubenzuron or chlorfluazuron and two other acylureas, hexaflumuron and flufenoxuron (Fahmy and Miyata, 1991) . The cross-resistance patterns and mechanisms of resistance to acylureas may vary between populations of P. xylostella, some strains remaining susceptible to one group of acylureas while becoming highly resistant to another (Cheng, 1988 and Sun, 1990) . Goud et al., 2009 , find that the effectiveness of chitin synthesis inhibitors on P. xylostella was a progressive increase in larval mortality with increase in dose and at fifth day after treatment and flufenoxuron and novaluron were more potent than lufenuron. This potency is strongly related to the molecular structure of IGRs which affect the activity and degradation inside the pest, also, Kao and Cheng (1999) mentioned that there was a lack of cross-resistance between IGRs, carbamates and synthetic pyrethroids.
After 6 generations flufenoxuron selection, the LC 50 value was increased from 0.014 to 0.716 ppm, and the slope of the log dose-probit line increased from 1.769 to 1.287 (Table 1) . The LC 50 ' s of the reciprocal F1 crosses between the susceptible and resistant populations did not significantly different. Thus, maternal effects on resistance were not evident. But almost the genetic basis of resistance was autosomal rather than sex-linked.
Mortality responses to flufenoxuron in susceptible and resistant strains and in F1 progenies of reciprocal crosses F1 (R × S) and (S × R) were (0.010 -0.716 -0.063 and 0.047) respectively (Table 2), suggesting that the S and R strains were likely to be homogeneous for susceptibility and resistance to the insecticide. Virtually there were no significant differences in the LC 50 values between F1 (R × S) and (S × R) ( Table  2) .
In Table 2 , the results showed negative degree of dominance, indicating that the resistance to flufenoxuron was inherited as an incompletely recessive autosomal gene. The estimated dominance (D) was -0.633 and -0.665 for F1 (R × S) and (S × R) respectively.
When the slope of the probit line were resistance development interpretation include, the observed mortality (Table 4 ) (log dose-probit lines) of the backcross progenies showed no plateau at 50% mortality (probit = 4.0), and the observed mortality of the F2 progenies from inbreeding F2 of (R × S) and (S × R) showed no plateaus at 25% and 75% mortality levels (probit = 4.26 and 3.87 respectively). Practically the resistance in P. xylostella typically matched the polygenic inheritance characteristic. Obs.= observed mortality obtained from the backcoss regression lines Exp.= Expected mortality at concentration X = 0.5 x (% mortality of F1 at X + % mortality of Lab population at X) P= Probability values were considered significantly different at P < 0.05. Significant if less than 0.05.
To test whether flufenoxuron resistance in P. xylostella was monogenically inherited, expected mortalities were calculated and compared with observed mortalities at proper concentrations using the chi-square test (table 4) , results showed that the observed mortalities of all crosses were not significantly different from the expected mortality (χ 2 = 0.49, 5.17 and 5.72 for F1 SxR, F1 RxR and SxS respectively), where the hypothesis of monogenic mode of inheritance were not rejected. The conclusion is flufenoxuron resistance was conferred by some loci. More demonstration about the count of locus and responsibilities need further investigation. (Imai and Mori, 1999) reported that the data of two reciprocal crosses offsprings of Japanese P. xylostella population suggested that resistance to B.t was incompletely recessive and autosomally inherited and data of backcross offsprings suggested that resistance might be controlled by some loci. Liang et al., (2003) stated that the testing of F1 progeny from reciprocal crosses between P. xylostella abamectin-resistant and susceptible strains indicated that resistance might be autosomal and incompletely recessive with a degree of dominance of -0.13. Chi-squared analyses from the response of a backcross of crossed F1 progeny and the resistant strain and F2 progeny were highly significant, suggesting that the resistance was probably controlled by more than one gene. kim et al.,(1991) , found that there were no differences in the concentration-mortality relationship between f1 progenies of P. xylostella of the susceptible and fenvalerate-selected strains reciprocal crosses, indicating the absence of sex-linked inheritance. Noppun et al., (1984) detected high levels of resistance to phenthoate, prothiophos, and cyanophenphos, and moderate level to acephate, methomyl, and cartap when tested after 12 months and 5 months of laboratory rearing, respectively. Inheritance of resistance to phenthoate in P. xylostella was derived by more than one gene, incomplete dominant genes and no sex linkage. (Noppun et al., 1987) .
Resistance remained stable in both the flufenoxuron selected strain and the backcross selected x susceptible in the absence of exposure to insecticides, whereas the mortality were declined slowly from F1 to F3, 5 and 7 (Table 5) . Overall, r values were slightly close to 0 and positive, indicating no decline in resistance toward them. Most searches about the stability of resistance were agree with that r values always positive and indicating no change in resistance in class Lepidoptera (Tabashnik 1994) and in strains Cq11A and Cq4AB Culex quinquefasciatus (Diptera) (Wirth et al., 2010) . In most cases, instability of resistance was attributed to fitness costs linked to the resistance alleles (Tabashnik 1994) or attributed to fixation at the various loci in response to prolonged selection pressure (Strickberger 1976 & Furlong and Wright 1993) . Tang et al., 1997 stated that P. xylostella strain resistant to B.t. kurstaki, the 2 nd generation in the absence of selection, such high levels of resistance were unstable and declined significantly. If the resistance controlled by two or more genes it would develop more slowly than that determined by a single gene. The degree of dominance alleles may play a role in the expression and distribution of the resistance gene. If the resistance controlled by a dominant gene, it will make chemical control more difficult since heterozygotes are also resistant. The resistance with dominant alleles may develop faster than that inherited as a recessive trait, because the heterozygotes might have a higher chance of surviving when treated with insecticide, and then it tend to increase and spread faster in field populations (Mallet 1989) , the inferior intrinsic rate of natural increase and inferior fitness of resistant population were exist, or whether the population is homogeneous or heterogeneous to resistance (Imai and Mori 1999) . 
